Background: Chondrolabral damage is commonly observed in patients with cam-type femoroacetabular impingement (FAI). Chondral flap reattachment has recently been proposed as a possible preservation technique.
Femoroacetabular impingement (FAI) syndrome is a frequent cause of chondrolabral tears and hip pain. 20, 21 Different types of FAI have been described, including cam, pincer, and combined morphology. FAI has been associated with early progression to osteoarthritis (OA) secondary to the chronic impingement to the articular cartilage. 12 Male patients usually present with larger morphological lesions, known as pistol grip deformity. 12, 62 In addition, male patients frequently present with advanced cartilage lesions and larger labral tears compared with those of female patients (56% for males and 24% for females). 38 In a retrospective study including 355 hips undergoing arthroscopic treatment of FAI, Nepple et al 36 reported on findings and predictors of intra-articular hip disease.
Labral tears and acetabular cartilage lesions were present in 90.1% and 67.3% of the cases, respectively. In addition, male sex, age >30 years, Tönnis OA grade 1 or 2, 56 lateral center-edge angle (LCEA) <20
, and cam FAI (alpha angle >50 ) 2, 18, 40 had a strong correlation with moderate to severe intra-articular disease and larger labral tears. 36 The current standard of care for patients with symptomatic cam-type hip FAI lesion who have failed nonoperative treatment is hip arthroscopy or open surgical dislocation with labrum repair, osteochondroplasty, and removal of chondral flaps (when present), followed by microfracture or microdrilling. 1, 14, 53 Short-term results seem encouraging with microfracture, but there is uncertainty on how these lesions may alter the natural evolution of joint degeneration and the potential effect on long-term hip preservation. 11, 22, 26, 44 Advanced regenerative therapies have been proposed as an alternative therapy for the treatment of these lesions. 42 Recently, in an attempt to preserve the chondral flap tissue, different techniques have been described, such as bridging suture repair, 23 direct suture technique, 51 and fibrin adhesive. 52, 59 These techniques propose refixing the delamination or chondral flap to its native location. However, cartilage healing depends on multiple variables, including adequate fixation technique, healthy cartilage, and an intrinsic repair capacity. Thus, before attempting any preservation chondral flap technique, it is critical to assess tissue quality and viability.
For the above-mentioned reasons, the purpose of this study was to determine the viability and tissue quality of chondral flaps from patients with FAI at the time of arthroscopy. It was hypothesized that chondral flaps within the hip joint would exhibit less viability and higher tissue degeneration than those from a matched control group.
METHODS

Study Design and Population
Between 2014 and 2016, patients undergoing hip arthroscopic treatment for symptomatic cam-type FAI lesions were asked to participate in this study prospectively. All patients gave informed consent, and the study was approved by an institutional review board (protocol No. 13-2128). The inclusion criteria included symptomatic hip patients secondary to cam-type FAI lesions who underwent hip arthroscopy and who presented with a cartilage flap that was confirmed intraoperatively. 4, 37 Exclusion criteria included absence of cartilage damage or chondral flap, revision surgery or pincer morphology, rheumatologic conditions, and advanced, diffuse degenerative changes (joint space <2 mm).
Imaging techniques used were anteroposterior radiographs, Dunn view, false-profile view, and computed tomography scan. Four radiological parameters were recorded for each patient: alpha angle, 40, 48 femoral version, 55, 57 LCEA, 34 and femoral neck version. 3 
Macroscopy
Arthroscopy. Under arthroscopic view of the hip, lesions for all patients were documented using a clock system with reliable landmarks as follows: 12-o'clock superior (stellate crease) and 3-o'clock anterior at the psoas U (Figure 1 ). 43 The lesions were classified according to the Beck classification (Table 1) . 4 Sample Extraction. During surgery, a biter was used for removal of encountered chondral flaps (study group) and for obtaining a cartilage sample from the perifoveal area (control group), a nonweightbearing area. Therefore, each patient had a matched control (Figures 1 and 2 ). These were immediately transferred to the laboratory in lowglucose Dulbecco's Modified Eagle Medium containing 1% penicillin-streptomycin for immediate tissue analysis for viability and quality.
HISTOLOGY Viability
Live/Dead Staining. Calcein acetoxymethyl and ethidium homodimer-1 were used to assess viability of the samples. 41 The samples were analyzed in a dark room under a Nikon C2 confocal microscope. Images were taken from each sample at 10Â magnification and 1024 Â 1024 pixels, with the microscope imaging software NIS-Elements AR 4.20.01 (Nikon). Viability percentage of all samples was assessed with Image J software (Developer Wayne Rasband at National Institutes of Health). evaluation. At 24 hours, the samples were dehydrated by a scheduled process of increasing concentrations of ethanol and finally embedded in paraffin blocks. These were sectioned at 5 mm and mounted onto slides. Subsequent histological staining was made with safranin O/fast green and hematoxylin and eosin (H&E) 41 for tissue quality analysis. Samples were visualized and images taken at 4Â and 20Â magnification under light microscopy with an EVOS xl core microscope (AMG). Histological grading was performed using the Osteoarthritis Research Society International (OARSI) grading system. The OARSI assesses depth severity, with grades ranging from 0 (intact cartilage) to 6 (deformation) ( Table 2) . 47 Immunohistochemistry for Collagen II. For immunohistochemistry, consecutive sections from single samples previously OARSI graded were selected for staining. These were deparaffinized and incubated with primary antiCollagen II (Col II) antibody 1:100 (Iowa hybridoma bank; catalog No. CIIC1) in 10% goat serum in triphosphate buffer saline overnight at 4 C. Negative controls were prepared by omitting the primary antibody. 33 Immunopositive sections were visualized and images taken at 4Â and 20Â magnification using the EVOS xl core light microscope.
Percentage of Col II stain was estimated with Image J and graded 0 to 4 depending on the obtained percentage (0 ¼ not stained; 1 ¼ <25%; 2 ¼ 25%-50%; 3 ¼ 50%-75%; 4 ¼ >75%). 27 A comparison of images at 20Â magnification was done using sections graded from 1 through 5 using the OARSI scale.
Statistical Analysis
Statistical analysis was performed using Sigma Plot 11.0 (Systat Software Inc). Comparisons between the study and control groups for cellular viability and OARSI grading were done using a paired t test. In addition, a Pearson correlation coefficient (R) was computed between viability with OARSI grading and OARSI-graded sections 1 through 5 with Col II. Data are reported as mean ± SD, and P < .05 was considered significant.
RESULTS
A total of 10 male patients with cam-type FAI lesions and an average age of 38.4 years (range, 30-55 years) were included in this study. All patients underwent labrum repair arthroscopically, chondral flap removal, microdrilling, osteochondroplasty, and capsular repair. One patient had a previous periacetabular osteotomy. Another patient had concomitant hip borderline dysplasia (Table 3 ).
All chondral flaps appeared macroscopically normal and were classified as grade 4 of the Beck classification (loss of fixation to the subchondral bone, frayed edges, thinning of the cartilage). Most cartilage lesions were localized at the 12-to 2-o'clock area (Table 3) . Both study and control samples weighed between 100 and 500 mg. No complications were encountered during surgery or during tissue extraction. The study group displayed some level of cellular viability, with a mean value of 54.6% ± 25.6% (range, 3.8%-85.1%). In terms of architecture and tissue quality, the chondral flaps showed evidence of microscopic signs of degeneration, with an OARSI grading of 4 ± 1.27. The control group also had reduced viability, with a mean value of 38.8% ± 30.3% (range, 0%-94%) and displayed signs of degeneration, with an OARSI grading of 3.5 ± 1.38 (Table  4 , Figures 3 and 4) . Randomly selected single consecutive sections from 5 patients, previously OARSI graded 1 to 5 (to represent each grade), showed loss of Col II staining as OARSI grades increased. The percentage of Col II expression in these 5 patients resulted in score 4 (82%) for patient 1 (control group), OARSI grade 1; score 4 (76%) for patient 3 (study group), OARSI grade 2; score 3 (66%) for patient 7 (study group), OARSI grade 3; score 3 (59%) for patient 8 (control group), OARSI grade 4; and score 1 (21%) for patient 10 (study group), OARSI grade 5 ( Figure 5 ). 27 The overall main histological findings for both groups were a reduction in the percentage viability and a loss of healthy cartilage architecture. Most had loss of chondrocyte columnar orientation, loss of surface integrity, cluster and cyst formation, loss of extracellular matrix (ECM), cellular hypertrophy, loss of Col II in high OARSI grades, and fibrocartilage (Figures 4, 5, and 6).
Statistical Analysis
No intergroup statistical difference was evident for cellular viability (n ¼ 10, P ¼ .203) or OARSI grading (n ¼ 9, P ¼ .645). In addition, no statistically significant correlation was found between cellular viability and OARSI grading for the study and control group (r ¼ 0.056, n ¼ 10, P ¼ .877 and r ¼ -0.513, n ¼ 9, P ¼ .157, respectively) ( Figure 7 ). Regarding Col II content, a significant negative correlation was found between OARSI grading and Col II content in the 5 selected sections (r ¼ -0.9, n ¼ 5, P ¼ .035) (Figure 8 ). 
DISCUSSION
The most important finding from this study was that chondral flaps from patients with cam-type hip FAI had reduced cellular viability and degenerative changes. All chondral flap samples showed degeneration, including fibrosis, cyst formation, clusters, cell death, hypertrophy, loss of Col II, loss of architecture, and loss of surface integrity. Interestingly, matched control samples also had poor cellular viability and, in most cases, presented similar degenerating features-resulting in no histological difference between groups. Arthroscopically, the acetabular cartilage surface may appear normal or healthy, but histologically, it proves that the articular cartilage is under degeneration. This suggests that patients with cam-type FAI lesions may potentially suffer from a chronic joint degenerationinflammation process, where both the chondral flap and surrounding tissues are affected, strengthening the concept of FAI as a pre-osteoarthritic joint disease. 49 However, there might be different anatomic areas of stress intensity within the acetabulum that probably lead to different patterns of articular cartilage wear and inflammation within the joint. 24 Since the perifovea area is normally affected in most FAI hips with some inflammation and chondromalacia, we believe that if the control samples would have been taken from altered locations, findings may have been different. Chondral flaps were observed to be in a degenerative state, suggesting that their refixation as a cartilage restoration technique should be carefully considered or perhaps should not be attempted. Refixation provides a native scaffold for cartilage healing, whereas excision and microfracture provide a clot formation hosting stem cells and growth factors for new cartilage formation. 29 Both treatment options provide pain relief and function recovery. 11, 26, 29, 52, 59 Although post-refixation tissue quality has not been histologically evaluated, one may predict that fibrocartilage formation will prevail in the healing process, similar to the microfracture technique itself. Thus, a poorquality cartilage will eventually fail and lead toward OA. 29 To our knowledge, this is the first study that compares viability and tissue quality of chondral flap to a matched control sample in a cohort of patients. The tissue quality, viability, and molecular expression of chondral flaps and surrounding tissues still remain to be extensively studied, although it is of interest to many researchers and clinicians working in the cartilage restoration field. Various investigators have focused on estimating the cellular viability of chondral flaps. In a study by Hariri et al, 16 21 chondral flaps were retrieved from patients with FAI. Similar to our results, cellular viability was reduced. Moreover, this study reported that DNA and glycosaminoglycan content was below that found in normal cartilage, while surrounding cartilage had higher hydroxyproline concentration, which correlates with higher collagen formation and degeneration. 16, 60 Unlike our study, the control samples used were animal articular cartilage and human knee cartilage, and no direct comparison of tissue viability and quality was made with the human acetabular articular cartilage surface. 16 In another study by Meulenkamp et al, 32 the reported cellular viability of 12 chondral flaps was higher, with an overall viability of 90%. This was measured from H&E-stained sections, which can overestimate viability, as suggested by the authors. In addition, histological chondral flap analysis showed that half of the patients contained predominantly hyaline cartilage, while the other half had signs of fibrillation; this demonstrates that even with 90% cellular viability, the tissue may have a high index of fibrosis, further supporting our findings. The authors suggested that the varying amounts of fibrocartilage represented anabolic repairing attempts of a metabolically active tissue due to inflammation. 32 Interestingly, a study by Bretschneider et al, 6 which included 6 patients with camtype FAI, tested the proliferation and differentiation potential of chondrocytes found in samples retrieved from the anterosuperior acetabulum and the anterolateral headneck region. The chondrocytes were found to be viable in monolayer expansion after 19 days, reaching viability above 90%. However, they were predisposed to dedifferentiation and produced high levels of interleukin 1 beta (IL-1b). 5, 39 But, encouragingly, the chondrocytes were able to be redifferentiated and maintained differentiation when seeded in tri-dimensional hyaluronan-based hydrogel cultivation, showing high expression levels of Col II and aggrecan, as well as decreased production of IL-1b. 6 Clearly, as shown by these studies and ours, there are varying results for percentage viability in chondral flaps and surrounding tissue. However, the data suggest that these chondrocytes may not be suitable for efficient cartilage regeneration given the tissue quality and microenvironment where they are found. This warrants a better understanding of articular cartilage tissue and the molecular background directing chondrocytes when there is joint inflammation. In terms of tissue quality and molecular activity, there are many evaluating tools that can be used and can aid in explaining any degeneration that is observed. In the present study, safranin O and immunohistochemistry for Col II showed that there was a declining amount of ECM (ie, aggrecan and Col II) as the tissue degenerates. There seems to be an increase in cellular metabolic activity, as reflected by the hypertrophy of chondrocytes and the intensity of pericellular matrix (PCM) staining. 13, 15, 28 Cartilage tissue exposed to mechanical stress and/or aging changes the PCM microenvironment properties through inflammatory cytokines, affecting the chondrocyte metabolism and, therefore, the cell-matrix normal homeostasis. 13, 15, 35, 64 This leads to cell-mediated remodeling processes such as degrading proteoglycans and Col II 28, 58, 61 by matrix metalloproteinases (MMP) and increasing synthesis of collagen I, III, and X. 19, 28, 46 This generates cartilage fibrillation with reduced compressive modulus and mechanical fault. 10, 28, 46 In the present study, the cam-type FAI patients were continuously subject to mechanical stress, which could lead to cartilage degeneration prior to macroscopical changes. Arthroscopic osteoplasty is an important component of cam-type FAI treatment, allowing amendment of alignment and technical cessation of mechanical stress, with restoration of physiological-like mechanical load. 8 Thus, extreme importance should be focused toward addressing patients needing early treatment, prior to the onset of a pro-inflammatory microenvironment. This may avoid anomalous remodeling of ECM by restitution of appropriate mechanical load. However, once remodeling of the articular cartilage takes place, there remains uncertainty whether restoration of the alignment and mechanical load will halt or revert the degeneration. This certainly raises the need for early diagnosis and prognosis in this population. Moreover, Hashimoto et al 17 analyzed gene expression of inflammatory cytokines (ie, IL-8), enzymes (ie, MMP), and structural matrix (ie, Col II) of FAI cartilage samples from the anterolateral femoral head-neck junction and compared it to end-stage OA cartilage. They found that FAI hips contain cartilage with a heightened metabolic state. They proposed that these results could possibly link the pathologic mechanical environment and the metabolic alterations of hip articular cartilage in patients with FAI. 17, 45 Similarly, Chinzei et al 7 compared 30 hips with FAI to 30 hips with OA undergoing surgery, and they measured gene expression of inflammatory cytokines and anabolic and catabolic genes from synovium, labrum, and cartilage. The authors reported elevation of metabolism and inflammatory cytokines not only on the FAI cartilage but also on the labrum and adjacent synovial tissue. 7 These findings suggest an inflammatory microenvironment (ie, high IL-1b levels, IL-8) that may prevent optimal cartilage regeneration from the most viable chondrocytes. 28, 46, 50, 54 In the present study, for example, patient 3 had a control viability of 64.6% but an OARSI grading of 4.5, suggesting that the cartilage morphology and its compressive modulus are compromised despite having some viability. In the future, tissue quality and inflammatory markers may become the diagnostic tools of intra-articular cartilage degeneration.
In our study, control samples showed cartilage degeneration and loss of viability. This may prove the concept of a "pre-osteoarthritic" joint disease in this population, as proposed previously. 7, 17, 49 Recently, Ryd et al 49 proposed the term pre-osteoarthritis to define the preclinical phase of ongoing catabolic changes at the molecular and cellular level in the articular joint, preceding OA macroscopic changes and/or symptoms. Regardless of the pathological drive leading to the loss of anatomic integrity, the mechanotransduction signal received in chondrocytes leads toward cartilage remodeling, inflammation, and degeneration. 25 Further studies establishing expression of inflammatory cytokines or breakdown products of cartilage may help advance our understanding of the FAI syndrome physiopathology and may harness new diagnostic tools.
With regard to treatment options for chondral flaps in FAI, some authors have suggested suturing and adhesive techniques to preserve the chondral flap. 23, 51, 52, 59, 63 According to short-term clinical results, patients experience pain relief and improved function 9, 30 ; however, it seems dubious to assume that reattaching a degenerative and unviable chondral flap can induce cartilage healing.
There were some limitations in the present study. The sample size was small, and inclusion of only male patients may be insufficient. Unfortunately, it did not allow for identification of subgroups and risk factors in the detrimental cartilage quality. In addition, tissue viability might have been negatively influenced in both groups by the harvesting technique and preservation, affecting viability percentage results. Yet tissue quality clearly showed degeneration, and this was not subject to such events. Moreover, control samples were taken from a nonweightbearing area, prioritizing the patient's care without losing the objective of the study.
Although patients undergoing reattachment experience pain relief and function recovery, our results suggest that the degenerative findings seen in cartilage flaps in camtype FAI may not heal or may function poorly, which will eventually lead to OA. However, to have a better understanding of the chondral flap, case-control studies comparing reattachment with excision and microfracture, with additional postoperative second-look arthroscopy and biopsy, should be performed. Future studies with larger cohorts of patients addressing both sexes and a wide age range, studies with inclusion of a separate matched set of joints and sampling from other normal-appearing areas or weightbearing areas, and perifoveal sampling with histological evaluation from patients undergoing hip arthroscopy procedure for noncartilaginous pathologies will aid in ratifying the findings of the present study. This is a pilot study that needs further research, and it sheds light into FAI physiopathology and questions the utility of the chondral flap reattachment technique for joint preservation.
CONCLUSION
Despite appearing macroscopically normal, the chondral flaps from patients with cam-type FAI lesion had loss of viability and tissue degeneration. In addition, control samples obtained away from the injury area also displayed cartilage damage and degeneration. Consideration of these degenerative findings should be taken into account when attempting a reattachment of the chondral flap.
